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the Taiwan Society of Nephrology, Taiwan has one of the
highest incidences and the highest prevalence of end stage
renal disease (ESRD) in the world, earning the stigma “the
island of dialysis”. Chronic kidney disease is prevalent in
the older population and patients with hypertension, dia-
betes, and other non-traditional risk factors. As the result,
chronic kidney disease patients are likely to be confused
with patients suffering from cardiovascular disease.
The cardiovascular system changes with deterioration in
renal function. First, retention of excessive sodium and
water not only increases cardiac output, but it also acti-
vates sympathetic nerves that increase peripheral vascular
resistance and blood pressure. Heightened blood pressure
and fluid overload further burden the heart. Complications
of chronic kidney disease, including anemia, metabolic
acidosis, high calcium-phosphate product, hyperparathy-
roidism, chronic inflammation, and hyperhomocysteinemia
can cause endothelial dysfunction and cardiovascular dis-
orders including left ventricular (LV) hypertrophy and
myocardial remodeling. These complications can lead to
heart failure, other cardiovascular diseases, and eventually
death.
Chronic kidney disease features three characteristic
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by excessive cardiac burden and fluid overload on the
ventricle. Approximately 10-20% of patients with chronic
kidney disease present with LV systolic dysfunction, how-
ever, a higher percentage of such patients have LV diastolic
dysfunction. Valvular calcifications caused by calcium and
phosphate deposits result in valvular stenosis and
regurgitation.
Over the past two decades, studies in this field have
emerged in large numbers, with significant participation of
local researchers in Taiwan. Research in this field falls into
four categories, as described below.Studies on heart and vessels
Professor Chen-Huan Chen at Taipei Veterans General
Hospital was the first person in Taiwan to perform echo-
cardiographic study in patients with chronic kidney disease.
Through the combination of cardiac and vascular Doppler
imaging, he confirmed that end-systolic ventricular stiff-
ness and arterial stiffness increase the sensitivity of blood
pressure in response to body fluid volume in ESRD patients
on dialysis [1].
Cardiac tissue Doppler imaging (TDI)
Cardiac tissue Doppler imaging (TDI) is a widely used
echocardiographic technique that was developed in 1997.
At its early stage of development, all researchers and
echocardiography experts believed that this technique was
preload independent. However, the author reasoned thatof Ultrasound in Medicine. Open access under CC BY-NC-ND license.
Fig. 1 The upper panel shows TDI in healthy volunteers; the lower panel shows TDI in ESRD patients, which demonstrates lower
systolic and diastolic velocity.
Echocardiography of CKD in Taiwan 15the principle of Doppler is based on the object’s movement.
Since body fluid volume has an impact on the movement of
objects, including our hearts, it must affect TDI.
Incidentally, I had a discussion with the dean of School of
Medicine, Chang Gung University, Professor Ji-Tseng Fang
who is a nephrologist, about this phenomenon. We decided
to examine ESRD patients undergoing hemodialysis whose
large changes in body fluid volume could help confirm
whether TDI is preload independent, as previously sug-
gested. We collected echocardiographic data on 144 ESRD
patients before and after hemodialysis. As we expected,
our results showed a significant change before and after
hemodialysis in mitral ring early diastolic myocardial ve-
locity (E0) due to body fluid volume changes. Contrary to
previous theory, we proved that TDI is affected by body
fluid volume. As an anecdote concerning our research, at
the time of our discovery we were so excited about this
groundbreaking finding that we submitted it to the top
journal in nephrology, the Journal of the American Society
of Nephrology. The next day, the journal published a study
by the Dutch echocardiographers Roelandt and Ie with the
same conclusion. However, their study only included 12
patients. Unsurprisingly, we received the rejection letter
the next day. The editor informed us that although our
study was more complete and comprehensive, it was not
accepted because they have just published an article on
the same topic. However the editor suggested to us to
resubmit our manuscript to other journals. We sent our
manuscript to American Journal of Kidney Disease, and it
was shortly accepted and published [2,3].
Continuing on the same topic, the team led by Shih-Hung
Hsiao, MD at Veterans General Hospital Kaohsiung not only
confirmed that TDI is preload dependent, but also proved
that color M-mode flow propagation velocity (FPV) is
affected by preload [4,5]. In the following two years, he
utilized early diastolic mitral blood flow (E) combined withcolor M-mode FPV to predict the prognosis of patients with
uremia. He discovered that patients with E/FPV 1.5 are at
higher risk for cardiovascular disease and mortality [6].
In 2012, we revisited our database. Our analysis on TDI
showed that ESRD patients complicated by diabetes had
greater abnormalities in LV diastolic function, suggesting
that such patients were at higher risk for heart failure [7]
(as shown in Fig. 1).
Speckle-tracking strain echocardiography
In recent years, speckle-tracking strain echocardiography
has become the star of the next generation of echocardi-
ography following TDI. Yen-Wen Liu, MD and Professor Wei-
Chuan Tsai at National Cheng Kung University Hospital uti-
lized this new tool to evaluate the myocardial function in
patients with chronic kidney disease. Their study confirmed
that speckle-tracking strain echocardiography can be used
for early discovery of LV myocardial damage, diagnosis of
diastolic heart failure and coronary artery disease, and can
predict prognosis in patients with multi-factorial heart
disease [8e10].
Three-dimensional echocardiography
With rapid development of medical technology, traditional
two-dimensional echocardiography can no longer meet the
medical needs of patients. The emergence of three-
dimensional (3D) echocardiography now plays a critical
role. Ning-I Yang, MD and Professor Ming-Jui Hung at Keel-
ung Chang Gung Memorial Hospital utilized this technique
and discovered the association between change in LV
ejection fraction and incidence of hypotension in ESRD
patients undergoing hemodialysis. In addition, they used 3D
echocardiography for more accurate quantification of LV
16 K.-C. Hungmass, which is closely related to chronic kidney disease
staging and LV diastolic function [11,12].
As the saying goes, to do a good job, an artisan needs the
best tools. With the advancements in medical technology,
clinicians should use these newer equipment and tech-
niques for better diagnosis, earlier prevention, and higher
quality of healthcare. By dedicating themselves to echo-
cardiography research in chronic kidney disease, physicians
in Taiwan are leading the international community in
striving for a better understanding of this disease to
improve patient survival.
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